Abstract. Malaysia has been the largest producer and exporter of palm oil in the world, accounting for 52% of the total world oil in year 2006. The waste disposal problem from palm oil industry was increasing. In addition, the government also facing the problems when forced to allocate more landfill for the disposal of concrete waste. Nowadays, the by-product the palm oil mill has becoming potentially to be utilized as construction material in term as additives for cement. This paper discussed the water absorption and compressive strength of Recycled Aggregate Concrete (RAC) containing Palm Oil Fuel Ash (POFA). There are twelve (12) series of concrete mix containing POFA and recycled aggregate (RA) were used as additives for cement that have been indicated as POFA-0%, POFA-10%, POFA-20%, POFA-30% and RA-0%, RA-50% and RA-100%. The slump test was conducted to determine the performance of fresh concrete. The hardened concrete have been tested its compressive strength and water absorption of POFA-concretes at 7 and28 days of water curing ages. The results revealed that POFA-recycled aggregate concrete has lower water absorption and higher compressive strength compared to recycled aggregate concrete without POFA. The optimum additional of POFA was 30% for concrete made with 100% natural aggregate (NA) produced higher compressive strength and lower water absorption.
Introduction
Concrete made with such Recycled Aggregate (RA) is called as Recycled Aggregate Concrete (RAC). Recycled aggregate are aggregates derived from the processing of materials previously used in a product and or in construction industry, for example recycled concrete from construction and demolition (C&D) waste [1] .The recycling of construction and demolition (C& D) wastes has been long recognized to have the potential to conserve natural resources and to reduce energy used in production [2] . In some countries it is an alternative material in construction industry, particularly where there is a shortage of construction aggregate. The benefits and weaknesses of using recycled aggregate in concrete have been broadly studied. RAC is an efficient way to alleviate the burden on landfill areas. Since RA is generated from concrete debris which has undergone years of services, the resulting RAC bears the weaknesses of lower density, higher water absorption, and higher porosity that limit them to lower-grade applications [3] . RA have generally lower density than that of the original material used, because of the cement mortar that remains attached to the aggregates particles [4] . POFA is an agrowaste ash that contains a large amount of silicon dioxide and has high potential to be used as a cement replacement. For producing high-strength concrete, POFA can be used as a pozzolanic material; it improves the durability, reduces cost due to less use of cement. It will also be beneficial for the environment with respect to reducing the waste disposal volume of landfills [5] . POFA contains the silica oxide that can react with calcium hydroxide (Ca (OH) 2 ) generated from the hydration process; and the pozzolanic reactions produce more calcium silicate hydrate (C-S-H) gel compound as well as reducing the amount of calcium hydroxide [6] . Thus, for the concrete production, POFA contributes to make stronger, denser and more durable concrete. In this study, POFA was used as an additives to improve the performance of RAC based on the compressive strength and water absorption tests. Since Malaysia has facing problem in disposing palm oil fuel ash, a by-product of palm oil mill since many years ago thus by recycling this waste material, it can reduces the dumped waste as well as to ensure environment sustainability.
Material
The materials used in this experiment were Ordinary Portland cement (OPC), sand, natural aggregate (NA) with maximum size 20 mm, superplasticizer, RA and POFA. Recycled concrete aggregate was produced by crushing of used concrete cubes. The strength class of used concrete cubes was C25/30. The sources of cubes are outside the lab Faculty of Civil and Environmental Engineering, Universiti Tun Hussein Onn Malaysia (UTHM). The crushing was conducted by using hammer and these process controls were to obtain the desired aggregate size. In this study, the aggregate size used for the purpose of concrete mix is 20 mm. Table 1 shows the mechanical properties of NA and RA. POFA was collected directly from palm oil mill factory at Batu Pahat, Johor and the ash was sieved to pass through of 3.35 mm. These materials were used partially as additives in concrete mix. Table 2 shows the sieve analysis results of POFA. The result indicated that 100% POFA passing 3.35 mm sieve mesh size and only 3.90% percentage finer passing sieve mesh size 0.06 mm. Particle size distribution of the POFA is shown in Fig. 1 . X-ray fluorescence (XRF) test was conducted to determine the chemical composition of POFA and the results are tabulated as in Table 2 . According to this table it was indicated that the main chemical composition was 64.90% of silicon dioxide (SiO2). The amount of sulphur trioxide (SO3) was 0.83%. While the total amount of the POFA composed of silicon dioxide (SiO2), aluminium dioxide (Al2O3) and iron oxide (Fe203) was 79.64% and the amounts of loss on ignition (LOI) and SO3 were within the limits of 10% and 4.0% respectively as specified by ASTM C618. It can also be identified that POFA used in this study could be classified as class N fly ash. Mixture proportions and mix designed requirement. The mixture proportions of the natural and recycled aggregate concretes are summarized in Table 3 . Twelve groups of concrete mixes, Natural Aggregate Concrete (NAC) and Recycled Aggregate Concrete(RAC) were produced using natural sand as fine aggregate. NAC mixes were used fully natural aggregate as coarse aggregate in concrete mix and RAC mixes were used Recycled Aggregate. The concrete mixtures were prepared with a water-cement (w/c) ratio 0.50. The slump target is between 60 mm to 180 mm for NAC and RAC mixes. Superplasticizer has been used to maintain the workability of concrete. Furthermore, POFA was used as additives to cement for proportion 10%, 20% and 30%. 
Experimental Programme
Performance of hardened concrete was assessing by using two tests which are compressive strength test and water absorption test. The compressive strength and water absorption test were conducted at 7 and 28 days age of concrete. The concrete is cured under water curing. The compressive strength was conducted according to BS 1881: Part 116: 1985. Water absorption test was conducted according to BS 1881: Part 122: 1983. Both tests are using three 100 mm cubes.
Results and Discussions
The results and discussion for compressive strength and water absorption were reported at subsequent sub-section.
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Compressive Test Result. The compressive strength of the natural and recycled aggregate concretes with and without POFA was determining using 100 x 100 mm concrete cubes was presented in Fig. 2 . It can be seen that the control concrete had compressive strength value of 17.6 MPa and 34 MPa at 7 and 28 days, respectively. Then, when additional 10% and 20% POFA were used, the compressive strength value were 18.2 MPa and 18.6 MPa for 7 days and 35 MPa and 41 MP for 28 days, respectively. However, the addition of 30% POFA in concrete has obtained a quite large percentage number of increasing in compressive strength in concrete, which is about 18.760 % than that of 10% POFA. These results indicated that the use of natural aggregate concrete containing POFA will increased the compressive strength concrete. As shown in Fig. 2 the result indicated that the use of NA50 -RA50 those containing POFA had lower compressive strength compared to the NA100 concrete containing POFA. The concrete made from NA50 -RA50 those containing POFA had higher compressive strength than that NA50 -RA50 without POFA. The compressive strength of concrete with RA50 and additional 10% POFA at 7 days was 16.00 Mpa and increased about 7% compared to NA50 -RA50 without POFA . Then for concrete with RA 50 and 20% POFA and 30% POFA, the compressive strength is increased about 13.8% and 15% , respectively compared to NA50 -RA50 without POFA. For 28 days, the percentages increasing of compressive strength of concrete with RA 50 and additional 10% POFA, 20% POFA and 30% POFA, are 1%, 2.2% and 2.3%, respectively than that of concrete NA50 -RA50 without POFA.
At 28 days, the compressive strength of concrete with RA50 and additional 20% POFA is increased to 32.10MPa. This figure also reveals that the concrete containing POFA with 100% RA had lower compressive strengths compared to control concrete. For cement additional by POFA of 10%, the compressive strengths of concrete was higher compared to 100% RA concrete without POFA for all of the testing ages. Furthermore, at 7 day, the use of 20% and 30% POFA to addition of OPC resulted in compressive strength of 13.95MPa and 14.85MPa, respectively. Then for 28 days, the use of 20% and 30% POFA to addition of OPC, the compressive strength was increased to 30.30MPa and 31.00 MPa, respectively. From these results it can be concluded that the compressive strengths of the recycled aggregates concrete with POFA as an addition cement material could increase the compressive strength of recycled aggregate concrete. The optimum addition of POFA was 30% for concrete made from 100%NA, 50%NA + 50%RA and 100%RA. At 28 days, the 50%NA + 50%RA concrete mixed with 30% POFA produced a compressive strength more than 100%RA+30%POFA but lower than that of 100%NA + 30%POFA. 
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Water Absorption Test Result. The water absorption of natural aggregate (NA) and recycled aggregate (RA) containing POFA at the age of 7 days and 28 days was investigated and the results are shown in Fig. 3 . It can be seen that at 7 days, the water absorption value of NA100-POFA10 was 4.9 %. Using up to 20% POFA in 100% NA resulted in lower water absorption compared to control concrete. The NA100-POFA30 concrete had a lower water absorption which was 4.3% compared to NA50-50RA and RA100. The water absorption of control concrete, NA50-50RA and RA100 were 5.1%, 7.4% and 9.9% respectively. As shown in Fig. 3 , the result indicated that the use of 100% NA without POFA had higher water absorption compared to the100% NA concrete containing POFA. The water absorption with additional 10%, 20% and 30% POFA at 7 days were 4.9 %, 4.7 %, and 4.3 % respectively and for 28 days, this water absorption decreased to 5.66 %, 5.58 % and 5.34 % respectively. This figure also showed that the water absorption development for RA100 concrete with 10%, 20% and 30% level of POFA. This figure revealed that water absorption of concrete with POFA is lower than that of 0% POFA. At 7 days, additional 10% of POFA and 20% POFA in concrete has decreased the water absorption about 9.6 % and 7.9 %, respectively. However, the addition of 30% POFA in concrete has obtained a quite large percentage number of decreasing in water absorption in concrete, which is about 7.8 % compared to 0% POFA. At 28 days, 9.6 %, 7.9%, 7.8% the decreasing water absorption obtained when POFA is used as additional material for 10%, 20% and 30% respectively. 
Conclusions
Based upon the findings of this research work, the following conclusions were drawn:
1. The compressive strength of concrete made from 100% RA is slightly lower than that of the normal aggregate concrete when POFA was added in the mix. 2. The use of POFA in recycled aggregate concrete could result in a higher compressive strength than that of recycled aggregate concrete without POFA. 3. Water absorption rate of recycled aggregate concrete is higher compared to natural aggregate concrete. An addition of POFA in concrete mix has lowered the percentage of water absorption. 4. The incorporation of POFA as additional material to cement was an effective material for reducing the water permeability of recycled aggregate concrete, when the water permeability of concrete decreases, the ability to absorb water will also be reduced.
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